Highly deiminated isoform of myelin basic protein from multiple sclerosis brain causes fragmentation of lipid vesicles.
Myelin basic protein (MBP) occurs as a number of charge isomers due to phosphorylation, deamidation, and deimination of arginine to citrulline. All of these modifications decrease the net positive charge of the protein and its ability to cause aggregation of negatively charged lipid vesicles. This is used as a model system for the ability of MBP to cause adhesion of the cytosolic surfaces of myelin. Therefore, the effect of two deiminated forms of MBP on lipid vesicles was compared with that of the unmodified, most positively charged isomer, C1, to determine how loss of positively charged arginines would affect the function of MBP. The deiminated forms were the isomer isolated from normal human brains, in which only 6 Arg are deiminated to citrulline (MBP-Cit(6)), and an isomer isolated from the brain of a patient who died with acute, fulminating multiple sclerosis (Marburg type), in which 18 of the 19 Arg were deiminated (MBP-Cit(18)). Whereas C1 caused aggregation of lipid vesicles, resulting in an increase in absorbance due to light scattering, MBP-Cit(18) caused a decrease in absorbance of the lipid vesicles. Size exclusion chromatography and negative staining electron microscopy showed that this was due to fragmentation of the large multilayered vesicles into much smaller vesicles. MBP-Cit(6) caused less aggregation of lipid vesicles than did C1. However, no fragmentation of the vesicles into smaller ones in the presence of C1 and MBP-Cit(6) was detected by size exclusion chromatography or electron microscopy. The membrane fragmentation caused by MBP-Cit(18) is dramatically different from the effects of other forms of MBP from normal brain and may indicate a pathogenic effect of this charge isomer, which may have contributed to the severity of the Marburg type of multiple sclerosis. Alternatively, the deimination may have been a secondary effect resulting from the disease process. Regardless of the role of MBP-Cit(18) in multiple sclerosis, the effect of this modification indicates that, when most of the arginines of MBP are modified to an uncharged amino acid, the protein acquires properties similar to an apolipoprotein; thus, it may take up an amphipathic structure when bound to lipid. A partly amphipathic character may also be related to the role of MBP-Cit(6) in normal immature myelin, where it is the predominant charge isomer.